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An investigation  has been made of the low-speed s t a t i c   s t a b i l i t y  
character is t ics  o f  a canard model with a 45' sweptback wing and a 

no allowable  center-of-gra~ty  range  because of  longi tudina l   ins tab i l i ty  
that  occurred a t  moderate  and high lift coefficients  with  horizon,W- 
control-surface  incidences of  100 o r  less. The horizontal   control sur- 
face produced a sidewash which, a t  an incidence of 15O and a t  angles of 
a t tack greater than 70t w a s  strong enough t o  make the.mode1  directionally 
s tab le   wi th   the   ver t ica l  t a i l  off .  T h i s  sidewash  caused a vertical t a i l  
mounted on the  fuselage  to   be  destabi l iz ing a t  angles o f  a t tack  above 1l0. 

destabilizing  effect  because they were located  outside  the sidewash f i e l d .  

I 600 tr iangular  horizontal   control  surface.  The model had prac t ica l ly  

4 Twin v e r t i c a l  tails mounted a t  the wing t ips   d id   no t  produce a s imilar  

INTRODUCTION 

In te res t  in canard  airplanes has recent ly  been revived  because the 
results of several   studies have indicated  that  the  canard  appears 
p rods ing  for  use a t  transonic  and  supersonic  speeds  (for example, 
reference 1). The National  Advisory Committee f o r  Aeronautics i s  making 
a general study of canard  airplanes and resul ts   of   several   invest igat ions 
are  presented in references I t o  5. , A s  par t  of this general  stu4y, an 
investigation  has  been made i n   t h e  Langley free-flight  tunnel  to  determine 
the  low-speed s t a t i c   s t a b i l i t y  and control   character is t ics  of a canard 
model. -The  configuration  tested was similar t o  that of  references I t o  3 
and had a circular-cross-section  fuselage  with a f ineness   ra t io  of 13.5, 
an untapered 45O sweptback wing with  aspect   ra t io  4.1, an. untapered 
450 sweptback ve r t i ca l  tail a t  the  extreme rea r  of the  fuselage,  and P 

1 

- 600 tr iangular  horizontal   control  surface a t  the  nose. 



The present  investigation  consisted of fo rce   t e s t s  t o  determine 
the  longitudinal and l a t e ra l   s t ab i l i t y   cha rac t e r i s t i c s  of the complete 
model and of various  combinations  of  the  fuselage, wing, ve r t i ca l  tai l ,  
and horizontal  control  surface.  Tests were a l so  made t o  determine the 
e f fec ts  on t h e   l a t e r a l   s t a b i l i t y  of several changes i n  the horizontal 
control  surface and vertical-tail  configurations. 

SYMBOLS AND COEFFICIENTS 

A l l  forces and moments a re  measured about  the  stability  axes which 
are  defined  in  f igure 1. 

CL l i f t  coefficient  (Lift/qS) 

cm pitching-moment coefficient  (Pitching moment/qSa) 

C t  rolling-moment coefficient (Rolling moment/qSb) 

CY lateral-force  coefficient  (Lateral  force/qS) 

Cn yawinglnoment coefficient (Yawing  moment/q%) 

9 dynamic pressure, pounds per  square  foot 

P air   densi ty ,  slugs per  cubic  foot 

V airspeed,  feet  per second 

S w i n g  area,  square  feet 

b wing span, f e e t  

a man aerodynamic  chord of the wing, f ee t  

a angle of a t tack of fuselage  center  line,  degrees 

9 angle o f  yaw, degrees 

B angle of sideslip,  degrees (-$) 

CnB 
ra t e  o f  change o f  yawing-moment coefficient with angle of 

s idesl ip  in degrees (aCn/ag) 

.. 

c 
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rate of change of  rolling-moment coefficient  with angle of 
s ides l ip  i n  degrees (aczlap) 

s i d e s l i p   i n  degrees (aCy/aP) 

leading edge up), degrees 

rate of change of  lateral-force  coefficient with angle of 

it incidence of horizontal   control  surface  (posit ive  with 

bt span of horizontal  control  surface,  feet 

h t  height  of  horizontal  control  surface above fuselage  center 
l i ne ,  feet 

yt  la te ra l   loca t ion   of   cen ter  l ine  of  horizontal  control 
surface (measured  from fuselage  center  l ine),  feet 

Model designations : 

F fuselage 

w wing 

H horizontal  control surface 

(HI horizontal   control   surface  in   posi t ion  but   not   a t tached 
' t o  model 

Subscripts: 

E t w i n  ve r t i ca l  tails located on wing t i p s  

0,5,10 angle o f  incidence of horizontal  control  surface,  degrees 

I1 rectangular-plan-form  horizontal  control  surface 

APPARATUS AND MODiEL 

The force tests t o  determine t h e   s t a t i c  aerodynamic charac te r i s t ics  
of the model were made  on the six-component balance of the  Langley free-  
flight  tunnel  described in reference 6. * 

- A three-view drawing and a photograph of the model used i n   t h e  
investigation  are  given as figures 2 and 3, respectively. Dimensional 
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character is t ics  of  t he  model are presented i n   t a b l e  I. The model  was 
constructed of hardwood and balsa with no.movable surfaces  other  than 
the  horizontal  control  surface. No appreciable gap was formed between 
the  horizontal   control  surface and fuselage when the  surface was deflected. 
The wing  and the   s ing le   ver t ica l  t a i l  had  an EACA 65-009 a i r f o i l   s e c t i o n  
normal to   the   l ead ing  edge (6.35 percent   thick  paral le l   to  a i r  stream) 
while  the triangular horizontal  control  surface was a --inch-thick f l a t  

plate  with a rounded leading edge  and tapered   t ra i l ing  edge. The r e s u l t s  
obtained  with t h e  f l a t -p l a t e   a i r fo i l   s ec t ion  used on the model are 
approximately  the same as would have been obtained  with a conventional 
section  because  the aerodynamic charac te r i s t ics  of delta wings a re   v i r -  
tually  independent o f  t he   a i r fo i l   s ec t ion  at low scale.  This  character- 
i s t i c  has  been  established by comparison o f  t h e  aerodynamic character- 
i s t i c s  of some f l a t -p l a t e   de l t a  wings  from reference 7 with  those of 
some German data on del ta  wings (reference 8) having NACA 0012 a i r f o i l  
sections and with those o f  some unpublished  data on a 60° del ta  wing 
with an NACA 001.5-64 a i r fo i l   s ec t ion .  The twin  ver t ical  tails and  rec- 
tangular  horizontal   control  surface  used  in  the  investigation were f l a t  
plates .  It was assumed that the  results  obtained  with  these  f lat-plate 
surfaces would  be comparable to  those  obtained  with  conventional  sections 
a t  low scale.  

1 
4 

TESTS 

Tests were made t o  determine  the s t a t i c   l ong i tud ina l   s t ab i l i t y  char- 
a c t e r i s t i c s  o f  the  model over an angle-of-attack  range. Lateral s t a b i l i t y  
character is t ics  were determined over the  angle-of-attgck and angle-ofyaw 
ranges.  Table I1 i s  an index which shows the  combinations of the model 
components tes ted.  

The la teral  s t a b i l i t y   c h a r a c t e r i s t i c s  were  determined i n  two ways. 
An indicat ion of the  var ia t ion of the  lateral s t ab i l i t y   cha rac t e r i s t i c s  
with  angle of a t tack was obtained by determining  the  s ta t ic   la teral  
derivatives from the  slope  of  the  curves between the  coeff ic ients  meas- 
ured a t  angles of  yaw of 25O. The la te ra l - s tab i l i ty   coef f ic ien ts  were 
a l s o  determined from tes ts   over  a range of yaw angles f rom 20° t o  -2OO 
f o r  various angles of a t tack.  For the  case  for which the  var ia t ion of 
la teral   coeff ic ients   with  angle  o f  yaw i s  nonlinear,   the  plots o f  
lateral  coefficients  against  angle o f  yaw give a better.   indication o f  
t h e   l a t e r a l   s t a b i l i t y  of the model than  the  plots o f  the   l a te ra l - s tab i l i ty  
derivatives  against  angle of a t tack .  

All tests were run a t  a dynamic pressure of 4.1 pounds per  square 
foot ,  which corresponds t o  a n  airspeed o f  about 40 miles  per hour a t  



standard  sea-level  c.onditions  and  to a Reynolds number of 3.2 x 105 based 
on the  mean’aerodynamic chord  of  the wing of 0.85 foot.  All longitudinal 
data f o r   t h e  model are r e f e r r e d   t o  a center-of-gravity  position  of 
0.80 mean aerodynahic  chord  ahead of the  leading edge of the  mean aero- 
dynamic chord  of the wing unless otherwise  noted. A center-of-gravity 
posit ion of 0.56 mean aerodynamic  chord  ahead of the  leading edge of  the 
mean aerodynamic chord was used f o r  all lateral da ta .  The ve r t i ca l  
posi t ion of the  center  of gravi ty  w a s  ,assumed t o  be the  fuselage  center 
l i n e   f o r  all tests. 

For some tests, streamers of  s t r i ng  approximately 6 inches  long were 
attached a t  various  locations  along  the  fuselage in order t o  permit 
observation o f t h e   d i r e c t i o n  of f l o w  over  the  fuselage. These s tudies  
were made under the same conditions as the  force tests. 

RESULTS AND DISCUSSION 

The r e su l t s  of force tests made t o  determine the  static longitudinal 
and l a t e r a l   s t a b i l i t y   c h a r a c t e r i s t i c s   o f . t h e  model are presented in fig- 
ures 4 t o  &. Table I1 i s  an index t o  these  f igures  and a key t o  the 
configurations  tested. 

Longitudinal  Stability  and  Control 

The r e su l t s  of t h e   t e s t s  made with  various  incidence  settings of 
the horizontal   control  surface are presented in figure 4. These r e s u l t s  
show t h a t   t h e  model  becomes unstable at a l i f t  coeff ic ient  o f  about 0.9 
with  control-surface  incidences  of Oo, 50, and loo f o r  a cen te ro f -  
gravity  posit ion of  0.80 mean aero-amic chord  ahead of the  mean aero- 
chord; with  horizontal-control-surface  incidences of 150 and 200, a 
stable  pitching moment is obtained  over  the complete l i f t  range  because 
the  horizontal   control  surface stalls a t  a lower  angle  of  attack  than 
the wing. The  model also becomes.unstable at  a lift coeff ic ient  of about 
0.9 with it = Is0 when the  center o f  gravity i s  moved rearward  (fig. 5 ) .  
The reason for   the   b reak  in t h e  pitching-moment curve i s  indicated  by  the 
curve f o r  the  horizontal   control  surface  off  in  figure 4 and by figure 6 ’ 

which presents   the  longi tudinal   character is t ics  of some of t he  component 
parts.  The wing pitching-moment  curve against  angle of attack  breaks 
upward, apparently  because  the wing l if t-curve  slope  decreases and  because 
the wing ae rodyndc   cen te r  is well  behind  the  center  of  gravity.  This 
point i s  i l l u s t r a t e d  more c lear ly  by figure 7 in which the wing pitching- 
moment curve  referred to the 0.25 mean aerodynamic chord is  compared with 
the  curve  for 0.80 mean aerodynamic chord  ghead o f  the mean-aerodynamic- 
chord position. When the  data  are  presented  about  the wing quarter  chord 
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the pitching-moment curve i s  approximately  linear up t o  an angle of  
a t tack of 24'. Evidence tha t   the   fa l l ing   o f f  of the  l i f t -curve  s lope 
is responsible  for  the  break i n  the pitching-moment curve i s  given by 
the dashed l i nes  of figure 7 which represent  the  case where the l i f t  
curve was assumed t o  -be l i nea r  up t o  an angle  of  attack of 24O. If the 
wing l i f t  holds up (which would be  expected a t  higher Reynolds number) 
a l i nea r  pitching-moment curve is obtained. These results show that an 
ear ly change i n   t h e  slope of the lift curve  of the wing Ls par t icu lar ly  
undesirable  for a canard airplane because the wing is  well  behind  the 
center of gravity. For a conventional  airplane this e f f ec t  is much 
smaller  (or  perhaps, even in   the  opposi te   direct ion)  because the  center 
of gravity is  much fa r ther  back. 

The variation  with  angle of  attack  of  the  incremental  p'itching 
moment produced  by the  horizontal  control  surface  at  various  incidences 
is shorn in   f i gu re  8. The angle  of  attack a t  which the  slope of the  
horizontal-control-surface-effectiveness c m e  begins t o  decrease is, 
of course,  dependent on the  angle  of  incidence of the  surface. The 
horizontal-control-surface  effectiveness  remains  essentially  constant 
up t o  an  angle of a t tack of about 30° for  incidences of Oo and 50. A t  
t a i l  incidences of loo, 1So, and 20° the  slope of the  horizontal-control- 
surface-effectiveness  curve  decreases a t  lower  angles  of  attack  because 
of the  decreasing  lift-curve  slope  of  the  surface. T h i s  decrease i n  
lift-curve  slope  decreases  the  pitching moment of the  horizontal   surface 
and  tends t o  balance  out  the  effect  of  the  decrease  in  pitching moment 
caused by the  decrease in  lift-curve  slope o f  the wing ( f igs .  4 and 5 ) .  
If the  lift-curve  slopes of the wing and horizontal  surface  break a t  the 
same time  (and by the  proper amount) the  pitching-moment curve fo r   t he  
complete model w i l l  tend t o  remain l inear .  For t h i s  model the  isolated 
horizontal   control   surface  s tar ts   to  stall a t  about 28O angle of  a t tack  
(reference 7) and the wing stalls a t  about 120 which i s  a difference 
of 16' between the  stall   angles.   Therefore,   with the incidence of  1So, 
the two effects  should  tend  to  balance out and  give a more l i nea r  
pitching-moment curve  than  those  obtained  with  the  lower  angle of inci-  
dence. The data of f igures 4 and 5 show t h a t   t h i s  i s  the  case. 

The allowable  center-of-gravity  range  can  be  defined  as  the dis- 
tance from t he  most rearward  center-of-gravity  location  for which the 
model is  a t  least neutral ly   s table  i n  the trimmed condition t o   t h e  most 
forward  center-of-gravity  location a t  which the model can t r i m  t o   t h e  
maximum lift coefficient  with  horizontal  control  surface (CL = 1.1). 
On t h i s  basis   the  model had prac t ica l ly  no allowable  cent--of-gravity 
range  because of the  longi tudinal   instabi l i ty   that   occurred a t  moderate 
and  high l i f t   c o e f f i c i e n t s  wi th  incidences of loo o r  l e s s   ( f i g .  5 ) .  
Canard designs which have a s table  wing pitching moment and a horizontal 
control  surface which stalls a t  the same time as   the wing would probably 
have a somewhat greater  center-of-gravity  range. 

. 
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La tera l   S tab i l i ty  and Control 

7 

The results of la te ra l - s tab i l i ty   force  tests of the complete model 
are presented in  figures 9 and 10. The data of figure 9 are presented 
i n  the form of la teral-s tabi l i ty   der ivat ives  which were obtained by 
measuring the  forces  and moments a t  +so yaw and  by  assuming a linear 
variat ion of t he  lateral coeff ic ients  between *so. The.data  of  figure 10 
show the  var ia t ion of the  la teral   coeff ic ients   with  angle  of yaw and 
indica te   tha t   the   var ia t ion  between yaw is no t   l i nea r   fo r  all condi- 
tions.  Therefore,  the results obtained from t h e   t e s t s  of angle of yaw 
of &so should  be  used o n l y  as qual i ta t ive  data. Absolute  values  of  the 
la teral-s tabi l i ty   der ivat ives   should  be measured from the  curves of 
la teral   coeff ic ients   plot ted  against   angle  of yaw. 

The results of figures 9 and 10 show t h a t ,   f o r  a horizontal-control- 
surface  incidence  of Oo, the   direct ional   s tabi l i ty   der ivat ive Cnp 
decreased w i t h  increasing  angle of attack. These resul ts   a lso  show-that  
an increase  in  tail incidence  caused an increase in C+ as w e l l  as i n  
the  effective  dihedral   derivative -Czp and resul ted i n  a change in 
sign of the  la teral-force  der ivat ive -Cyp at  moderate and  high  angles 
of attack. 

The var ia t ion of the la teral-s tabi l i ty   der ivat ives   with  angle  of 
a t tack   for  a center-of-gravity  position w i t h i n  the  allowable  center-of- 
gravi ty  range (0.70 M.A.C. ahead of the leading edge o f  the mean aero- 
m a m i c  chord)  and  with  the  horizontal  control  surface set a t  the  proper 
pos i t i on   fo r  trim is shown i n  figure 11. These results show that the 
model i s  directionally  stable  over  the  angle-of-attack  range  under  these 
conditions. 

Presented i n  f igures  1 2  t o  16 are   the   resu l t s  of t e s t s  made of 
various components individually and in combinations Fn an e f f o r t   t o  
explain these   e f fec ts  o f  horizontal-control-surface  incidence on the 
l a t e r a l   s t a b i l i t y .  The results of figures 1 2  and a ( a )  show tha t   t he  
l a t e ra l   cha rac t e r i s t i c s  of  configuration FWV a re  normal f o r  such an 
arrangement. With the  addition of the  horizontal   ,control   surface  a t  0' 
incidence, however, (configuration FWVHo) there  i s  a rapid  reduction 
Fn Cnp and -Gyp with  increasing  angle of a t tack  i n  the moderate t o  
high angle-of-attack  range  and an increase in -CzB at  the  moderate 
angles. On the  other hand, tests made with  the  ver t ical  tail off 
(Fmo and FW15 on f ig s .  13 and lk(b) )  show that the  horizontal   control  
surface  with 00 incidence had a small stabi l iz ing  effect   increased C 
a t  higher  angles of attack, and with 15' incidence  had  such a large sta- 
b i l i z ing   e f f ec t   t ha t  it resul ted in  the model wi th   ver t ica l   t a i l   o f f   be ing  
direct ional ly   s table  above an angle of a t tack  of 7O.  Tests made o f  the  

( n d  
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combination  of fuselage  and  horizontal  control  surface (FHo and FHls on 
f i g .  15) showed a similar e f fec t   o f   the  t a i l  t o   t h a t  shown by the  data 
of  figures 13 and l.4 for  the  configurations (FWHo and FWHls). The r e s u l t s  
of  t e s t s  made t o  determine the   var ia t ion  of Cn a t  the  higher  angles of 
a t tack f o r  configurations FW1s and FWVH15 are presented  in   f igure 16. 
These. results show a rapid  increase i n  CnS for  both  configurations a t  
the  higher  angles  of  attack. The r e s u l t s  of f igures  1 2  t o  16 indicate 
that  the  horizontal   control  surfdce  with it = l so  causes  the  vertical  
t a i l  t o  be  direct ional ly   destabi l iz ing above an angle of  attack of 1l0 
and causes  the  fuselage t o  be  direct ional ly   s table  a t  moderate  and  high 
angles of a t tack .  

B 

A more definite  Fndication  of  the  effect  of the  horizontal   control 
surface on the  la teral  s t a b i l i t y  i s  given in   f i gu re  1 7  where r e s u l t s  of 
t e s t s  of the  configurations FW, HIS, FwHl5, and FX(H15) are  presented. 
The data  for  the  configuration were obtained by t e s t ing   t he   i so l a t ed  
norizontal  control  surface on a s t ing  mounting  and referring  the  forces 
and  moments to  the  center-of-gravity  position for t he  complete  model. 
The FW(H15) results were obtained  with  the  surface in   posi t ion  with 
respect to  the  fuselage  but  without  the  surface  being  supported by the  
fuselage. These results show that  the  horizontal   control  surface  alone 
and the  wing-fuselage  combination are unstable. When the  horizontal  
control  surface and wing fuselage are combined, however, the  resul t ing 
configuration i s  s t ab le  above 70 angle  of  attack. With the  horizontal 
control   surface  in  i t s  normal posit ion  but  not  at tached t o  the model, 
approximately  the same s t ab i l i z ing   e f f ec t  is obtained as t h a t  with  the 
control  surface  attached when tes ted  a t  ZOO angle of a t tack.  The r e s u l t s  
of these  tes ts   indicate  t h a t   t h e  s t ab i l i z ing   e f f ec t  of t h e  horizontal 
control  surface i s  not caused by the  forces cn the  surface  but i s  caused 
by t h e  influence o f  the  surface on the flow f i e l d  about, the model. 

The r e su l t s  of tuft surveys made to   obtain a physical.  picture of the 
flow f i e l d  about  the model a t  small angles of y a w  are i l l u s t r a t e d  sche- 
matically i n  figure 18. These s tudies  showed t h a t  a t  Oo angle of a t tack 
the   s t reamers   t ra i led   essent ia l ly   para l le l   to   the  a i r  stream when the 
model  was  yawed. A t  16O angle of a t t ack ,  llowever, the streamers d i d  
not t r a i l  p a r a l l e l  t o  the  a i r   s t ream when the model was yawed but 
t ra i led  across   the  fuselage  in   the  opposi te   direct ion  indicat ing  that  
there  w a s  an  effective  reversal  in the  angle of s ides l ip  o f  the  model 
caused by a sidewash  from the  horizontal  control  surface.  This change 
in   the   d i rec t ion  of  flow  over  the  fuselage came about  gradually as t he  
angle of  a t t ack  w a s  increased. 

Effect  of  vertical   posit ion  of  horizontal   control  surface.-  Pre- 
sented i n  figures 19 and 20 a re   the  results of a se r i e s  of t e s t s  made 
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wTtn the  horizontal   control  surface a t  severa l   d i f fe ren t   ver t ica l  posi- 
t ions  i n  an   e f for t  t o  determine  the  vertical   location of the  sidewash 
f i e ld .  Figure 19 shows t h a t  a t  00 angle of a t tack  the  horizontal  con- 
t r o l  surface (it = 1s.) was destabilizing  decreased Cnp) when it was 
located on the  fuselage  center  l ine  but was stabilizing when it was  
located 0.25 control-surface span above the  center  l ine.  A t  20° angle 
of attack,  the  surface was stabil izing  in  both  posit ions  with  the 
greatest   effect   occurring  with  the  surface on the  center  l ine.  When the 
surface was located 0.50 horizontal-control-surface span above  the  fuse- 
lage  center   l ine  the  effect  of the  surface was r e l a t ive ly  small a t  all 
angles of attack; t h i s  small ef fec t   ind ica tes   tha t  the sidewash was 
missing the  fuselage. Figure 20 i s  a summary of the   e f fec t  of the  suzface 
w i t h  it = 150 at  00 angle of a t tack which shows that the  greatest  
effect  occurs when the surface i s  located  about 0.125 span above the 
center  l ine.  These resul ts   indicate   that   the  sidewash f i e l d   h a s  a s l igh t  
downward incl inat ion.  As the  angle of a t tack i s  increased, more of the 
fuselage  becmes immersed i n   t h e  sidewash f i e l d  and a greater   s tabi-  
lizing e f fec t  i s  obtained. 

( 

1 Effect of plan form of  horizontal  control  surface.- In order t o  
determine  whether the unusual sidewash character is t ics  were associated 
only with  a  horizontal   control  surface with a triangular  plan form, t e s t s  
using  a  surface of rectangular  plan form with the same area  and  aspect 
ratio 3 s  the   t r iangular   surface were made. These r e su l t s  are compared 
with  those f o r  the  tr iangular  surface In figure 21 which shows that the 
same e f f e c t   e x i s t s  t o  a l imited  extent  f o r  the  rectangular  surface,  The 
smaller  effect  of the  rectangular  surface is apparently  caused  partly 
by the  lower  angle of a t tack  a t  w h i c h  it stalls. With lSo incidence 
the  break in the  var ia t ion of Cnp with  angle of  attack  occurs at  
16O angle of a t tack  f o r  t he  model with  the  tr iangular  surface  and a t  
80 angle of  a t tack  f o r  the model with  the  rectangular  surface. If 
interference  effects   are   neglected,   these results might  be  taken t o  indi- 
ca te   tha t  the t r iqngular   surface stalls at  about 31° angle of  a t tack and 
the  rectangular  surface stalls at about 23O angle of attack. These 
s t a l l i ng   ang le s   a r e  in  f a i r l y  good agreement mith those shown i n   r e f e r -  
ence 7 f o r  wings of  similar  plan form, 

Effect of ver t ica l - ta i l   conf i rna t ion . -  The results of t e s t s  made 
t o  determine whether twin v e r t i c a l  tails located a t  the wing t i p s  would 
be  f ree  of the  influence of the  horizontal   control  surface  are  presented 
i n   f i g u r e s  22 t o  24. The data of figure 22 show t h a t   t h e  twin v e r t i c a l  
tails provide a p p r o n i t e l y  a constant  increment of Cnp over most of 
the  angle-of-attack  range. Figures 23 and 24 show that t h e  twin tails 
give a l inear   var ia t ion  of yawing moment with  angle of yaw of about 15'; 
this l inear   var ia t ion   ind ica tes   tha t   the  tails are  not  influenced by 
the sidewash f i e l d  up to   t ha t   ang le  of  yaw. 
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Effect of horizontal   control  surface as a lateral-control  device.- 
When it was found tha t   t he  sidewash  created by the  horizontal   control  
surface had a l a rge   e f f ec t  on the   l a t e ra l   cha rac t e r i s t i c s ,   t e s t s  were 
made t o  determine  whether this  effect   could  be used t o  provide la teral  
control.  The results of these tests i n  which the  horizontal   control 
surface was moved to   s eve ra l   d i f f e ren t   l a t e ra l   pos i t i ons  are presented 
i n   f i g u r e  25. These r e su l t s  show tha t   l a rge  yawing and ro l l i ng  moments 
were obtained a t  15'0 angle  of  attack and 1so surface  incidence. Moving 
the   su r f ace   t o   t he   l e f t   appa ren t ly  caused a sidewash t o   t h e   r i g h t  which 
gave pos i t ive   va lues   o f   l a te ra l   force  and yawing moment. Large values 
of ro l l i ng  moment were produced  because the  horizontal-control-surface 
l i f t  was laterally displaced  and  because  the wing was pa r t ly  immersed 
i n   t h e  sidewash f i e l d .  These r e s u l t s   i n d i c a t e   t h a t ,   i n  some f l i g h t  
conditions,  turning maneuvers might be executed by the  la teral   d isplace-  
ment of t h e  horizontal  control  surface. 

CONCLUSIONS 

. 
The following  conclusions were dravm from t he   r e su l t s  of t ne  Langley 

free-flight-tunnel  investigation o f  the  low-speed s t a t i c   s t a b i l i t y  char- 
a c t e r i s t i c s  of a canard model having a 4 5 O  sweptback wing and ve r t i ca l  
t a i l  and a 60° trianpiLar-plan-form  horizontal  control  surface. 

1. The model had prac t ica l ly  no allowable  center-of-gravity  range 
because of  longi tudina l   ins tab i l i ty   tha t   occur red   a t  moderate and high 
l i f t  coeff ic ients   with a horizontal-control-surface  incidence o f  100 
or l ess .   This   longi tudina l   ins tab i l i ty  was caused  by,a  premature drop- 
ping o f f  of t h e  wing lif t-curve  slope which was a t t r i b u t e d ,   a t   l e a s t  
par t ly ,  t o  t he  low scale  of the  tests. 

2. The horizontal   control  surface produced a sidewash  which made 
the  fuselage less directionally  unstable and the   ve r t i ca l  t a i l  l e s s  
d i rec t iona l ly   s tab le  as the  angle of a t tack  and angle of the  horizontal  
control  surface were increased. A t  a horizontal-control-surface  inci- 
dence of 150, the  sidewash  effect was strong enough t o  make the model 
d i rec t iona l ly   s tab le   wi th   the   ver t ica l   t a i l 'o f f   a t   angles  of a t tack  
greater  than 7 O  and t o  cause a ve r t i ca l  t a i l  mounted on the  fuselage t o  
be destabi l iz ing a t  angles of a t tack  above 1l0. The results indicated 
tha t ,  f o r  a center-of-gravity  position  within  the  allowable  center-of- 
gravity  range,  the model would be direct ional ly   s table   over   the  ent i re  
l i f t  range i f  the  horizontal   control  surface w a s  s e t  at the  proper 
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posit ion  for  tr im. Twin ver t i ca l  tails mounted a t  the  wing t i p s   d i d  not 
produce a des tab i l iz ing   e f fec t  because  they were located  outside  the 
sidewash f i e ld .  
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T A B U  I 

DIMENSIONAL  CHARACTERISTICS OF THE CANARD MODEL 

O F  THE LANGLEP FREE-FLIGHT TUNNEL 

wing (w): 
A i r f o i l   s e c t i o n  . . . . . . . . . . . . . . . . . . . . .  NACA 65009 
Chord (normal t o  L.E}, i n  . . . . . . . . . . . . . . . . . . .  7.20 

Mean aeroQnamic  chord. i n  . . . . . . . . . . . . . . . . . . .  10.20 

Sweepback (0.50~).  deg . . . . . . . . . . . . . . . . . . . .  45.0 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 

Dihedral.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Twist. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  42.00 
Area. ( including area covered by fuselage)  sq f t  . . . . . . .  2.95 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.1 

Incidence. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Horizontal   control  surface (triangular) (H) :  
Ai r fo i l   sec t ion  . . . . . . . . . . . . . . .  
Root chord. in . . . . . . . . . . . . . . .  
Span. i n  . . . . . . . . . . . . . . . . . .  
Area. ( including area covered  by  f'uselage) sq 
Mean aerodynamic  chord. i n  . . . . . . . . .  
Sweepback. (L.E.) . . . . . . . . . . . . . . .  
Tai l  length $from L.E. M.A.C. wing to .+ 

Aspect  ratio . . . . . . . . . . . . . . . .  
Dihedral. de . . . . . . . . . . . . . . . .  

L.E. M.A.C. of t a i l ) .   i n  . . . . . . . . . .  
Horizontal   control  surface  (rectangular) (HR) : 

A i r f o i l  section . . . . . . . . . . . . . . .  
Root chord. t i p  chord. i n  . . . . . . . . . .  
Span. i n  . . . . . . . . . . . . . . . . . .  
Area. (including  area  covered by fuselage) sq 
Mean aerodynamic  chord. i n  . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . .  
Sweepback (L.E.) . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . .  
Tail  length.  (from L.E. M.A.C. wing t o  

L.E. M.A.C. of tail). i n  . . . . . . . . .  

. . . . . .  F l a t   p l a t e  . . . . . . . . .  12.0  . . . . . . . . .  12.0 
ft . . . . . . .  0.50 . . . . . . . . . .  6.0 . . . . . . . . . .  2.0 . . . . . . . . .  60.0 . . . . . . . . . . .  0 

. . . . . . . . .  47.25 

. . . . . .  Fla t   p l a t e  . . . . . . . . . .  6.0 . . . . . . . . .  12.0 
f t  . . . . . . .  0.50 . . . . . . . . . .  6.0 . . . . . . . . . .  2.0 . . . . . . . . . . .  0 . . . . . . . . . . .  0 

. . . . . . . . .  44.65 
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- TABLE I 

DIMRGIOMAL CHARACTERISTICS OF THE GANARD MODEL 

OF THE L A N G L E  FREE-FLIGIE TUNNEL - Concluded 

Ver t ica l  t a i l  (v): 
A i r f o i l   s e c t i o n  . . . . . . . . . . . . . . . . . . . . . . .  NACA 6 5 m  
Chord (normal t o  L.E.), in. . . . . . . . . . . . . . . . . .  5.05 
Area, (to fuselage center l i n e ) ,  sq f t  . . . . . . . . . . . .  0.53 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.5 
Sweepback (0. ~ O C ) ,  deg . . . . . . . . . . . . . . . . . . . .  45.0 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 

Span, in. . . . . . . . . . . . . . . . . . . . . . . . . . .  10.70 

T a i l  length (from L.E. M.A.C. wing t o  
L.E. M.A.C. of tail), in. . . . . . . . . . . . . . . . . . .  20.57 

Twin v e r t i c a l  tails (vE): 
Air fo i l   s ec t ion  . . . . . . . . . . . . . . . . . . . .  
Chord (normal t o  L.E.), i n .  . . . . . . . . . . . . . . .  
Span, i n .  . . . . . . . . . . . . . . . . . . . . . . . .  
k e a ,  ( t o t a l ) ,  sq f t  . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  
Sweepback ( 0 . 5 0 ~ ) ~  deg . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  

L.E. M.A.C. of tail), in. . . . . . . . . . . . . . .  T a i l  l ength   ( f ron  L.E. M.A.C. wing t o  

Flat plate . . .  6.20 . . .  9.25 

. . .  45.0 . . .  1.0 

. . 12.02 v 
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Type of t e s t  

Longitudinal 

Lateral  

Tuft tests 

TABLE I1 

INDEX TO TESTS 

Figure 

6 
6 and 7 
6 
4 
4,5, and 6 
4 and 5 
4 and 5 
4 and 5 
4 

11,12, and 14 
16 
11 
11,12J4,16, and 18 
14 
14 
llL 
11,12, and 13(a) 
1 2  
12J13(b),~15,16,18,19,20,21, and 24 
20 
16 
9,lO(a), and 11 
9 
9,10(b),15,21, and 22 
2 1  and 22 

1 7  

$he configurations  are  denoted by: F, fuselage; W, wing; V, ve r t i ca l  
t a i l ;  H, horizontal   control  surface;  subscript  numbers indicate 
control-surface  incidence measured in degrees.  Subscript R indicates  
rectangular tail. Subscript E indicates t w i n  tails. Parentheses 
around (H15) indicate  horizontal   control  surface i n  posit ion but not 

attached to fuselage. T@zrz 

. 
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Figure 1.- The s t a b i l i t y  system of  axes. Arrows hd ica t e   pos i t i ve  

This  system of axes is defined as an orthogonal  system  having 
the i r   o r ig in  at the  center of gravity asd in which the Z-axis is  
i h  the  plane of  symmetry and perpendicular to the   re la t ive  wfnd, 
the X - a x i s  is i n  the plane of  symmetry and perpendicular to the 
Z - a x i s ,  and the Y-axis is perpendicular t o  the  plane of symmetry. 

* directions of momen’ts, forces, and control-surface  deflections. 

- 
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Figure 2.- Three-view drawing of model showing the various  horizontal 
control  surfaces and vertical-tail  configurations. All dimensions 
are in inches. 
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Figure 4.- Longitudinal stability  characteristics of the model. 
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Figure 5.- The effect of horizontal-control-surface  incidence and 

center-of-grsvity location on the longitudinal stability and trim 
characteristics of the model. 



21 

B 

.6 

P 

0 

Figure 6.-  Longitudinal  stabil i ty  cha,racterist ics of colqponents of the 
model. . 
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Figure 7.- Comparison of' longitudinal Stability character is t ics  of wing 
alone at two center-of-gravity  locations. 
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0 

Figure 9.- Lateral stability  characteristics of the model wlth various 
incidence  settings  of  the  horizontal  control  surface. 
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( a )   C q l e t e  model configuration. it = Oo. 

Figure 10.- Lateral   character is t ics  of the model. 
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Figure 11.- Varfation of la te ra l - s tab i l i ty   der iva t ives  with angle of 

w 
at tack  for  trim conditions of configuration FWVH with  the  center of  
gravity 0.70 mean aerodynamic chord ahead of the leadiug edge of  the 
mean aerodynamic chord. - 
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Figure 12.- Lateral stability C h a ~ ? 8 C t e r i B t i C S  o f  components of the model. 

I_ 

c -  
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Figure 13.- Lateral atability  characteristics  of  combinations of cnmponents 
of  the m o d e l .  
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(a) Configuration of fuselage, w i n g ,  and vertical. tail. 

Figure 14.- Lateral characteristic0 of the model. 
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Figure 15.- Lateral stability characteriBtics of various components i n  
combination with the fuselage. 
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, -  Lateral  stability character ie t ics  of the model up t o  high 
of at tack  with  ver t ical  tail on and off.  it = 15’. 
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Figure 17.- Comparison of the  lateral s t a b i l i t y  of the model with the 
horizontal control  surface  attached and unattached.  Vertical tail off.  
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I 
Figure 18.- Direction of air flow over thg fuselage for emall angles o f  

yaw. it = 15 . 
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Figure 19.- The ef fec t  of ver t ical   locat ion of the  horizontal  control 
surface on the l a t e ra l   s t ab i l i t y   cha rac t e r i s t i c s  of the model. 
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Location of horizontal control surface above f’uselage center line. 

of horizontal control surface span, 

Figure 20.- The ef fec t  of ver t ical   locat ion of the horizontal control 
surface on the directional-etability  paremeter of the  configuration 
of Rzaelage, wing, and horizontal   control surface of t he  model. 
it = 19, a = 00. 
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Figure 21.- Comparison of t he   l a t e ra l  s t a b i l i t y  chazacterist ics of 
rectangular and triangular horizontal-control-surfsce configurations 
of the model. 
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0 4 6 /2 16 20 24 28 32 . Q> de9 

Figure 22.- Conrpariaon of t he   l a t e ra l   s t ab f l i t y   cha rac t e r i s t i c s  of s i n g l e  
and twin ver t ical- ta i l   configurat ions of the model. 
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Figure 23.- Lateral   characterietics of the model with single and twin 
vertical-tail   configuration. 
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(a)  a =-8 . 0 

Figure 24.- Incremental l a t e r a l  stability of s ingle  and twin ver t ica l -  
tal1 configurations of the model. 
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(b) a = 16'. 

Figure 24. - Concluded. 
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Figure 25.- The e f f ec t  of la te ra l   loca t ion  of the  horizontal  control 
surface on the   l a te ra l   charac te r i s t ics  of the configuration of 
fuselage and uing horfzontal  control  surface of the model. it = 15O, 
a = 150. 
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